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ARMOR PLATE 

The Effect of Normalizing Armor Plate Ingots 

For Homogeneous P l a t e  

Object 

To determine the e f f e c t  of  t h e  s t a n d a r d  centri- 

fugal c a s t i n g  n r i rmal iz i ry  treatment ( 2 8  hrs. a t  1150~~. , 

air c o a l ;  9 hrs. at 950'~. , air cool; 9 hrs.  at 850'~. , 
furnace cool) upon t h k  quality of h~mogeneous  a rmor  

resul t1r .g  therefrom. 

A b s t r a c t  

The normal iz ing  t r ea tmen t  d id  no t  i nc rease  the 

b a l l i s t i c  limit of the  plates. P l a t e s  drawn at 1150'~. 

( 6 2 0 ~ ~ )  were more ductile and ubut tonedf l  l e s s  than 

similar plates that d id  not r e c e i v e  the normalizing 

t r e a t m e n t ,  bu t  a t  a b a l l i s t i c  limit, approximately 

100 f .  s ,  less than  the plates t ha t  were r lot  normalized,, 

Reheat t r e a t m e n t ,  c ~ n s i s t i n g  e s e r , t i a l l y  in a l ower  drat1 

( ~ o o o ' F ) ,  (about 535 '~)  did n o t  i .noreose the b a l l i s t i c  

limits of the normalized plate but d i d  r e s u l t  i n  con- 

siderable "buttoning" of  t h e  p l a t e ;  under fire, 
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The e x c e l l e n t  d u c t ~ ~ l i t y  p r o ~ u ~ e d  in gun  casting^ 

by  means of long- t ime high t e m p e r a t u r e  normalizing 

t r e a t m e n t s  m ~ d e  i t  seem advisable to i.nvea Ligate the  

p o s s i b ~ l i t i e s  of the method as a p p l i e d  t o  a r m o r  p l a t e  

I t  was f e l t  t h a t  if t h e  d u c t i l l - t y  of plate cou1.J be 

increased without  loss of b a l l i s t i c  r a s i s  t m c r  p l a t e s  

m i g h t  be  obtained w i t h  greatly I nc reascd  resiq i ,mce 

t o  s p a l l i n g ,  b u t t o n i n g ,  and cracking. 

Two i n g o t s  were made w i t h  thta same foundry 

practice, particular e f f o r t  being made t o  red.uce 

v a r i a t i o n s  i :~  foundry  practi .ce to a minimum. Top and 

b o t t o m  d i s c o  were taker1 f o r  macro-etching a.nd t h e  chips 

for chemical a n a l y s i s  were t & e n  P r o m  thc bot tom 

zu r f ace  of the t o p  d i z c  midway between t h e  c e n t e r  and 

the  o u t s i d e  vrall  of each in,;ot, The macro-etched d i sc .<  

of i n g o t  12-600 before and a f t e r  normalizing, and of 

12-614, a r e  shown in figs.  1 to 6 i n c l u s i v e .  The 

chemical  analyses of the  ingots in as f o i l o w s :  



Henry Eiaston. 
& Sons Inc. ---.-L 
12-600 , 5 2  .56 .016.016 .18 1.20 . 8 G  .2G .07 

12-614 .51 ,42  .013.016 . I4 1 . 2 1  .56 - 2 3  .05 

Ingot 12-600, a . f t e r  t o p  and bot torn discards had 

been  taken, was subjeczed to the f ' o l lowlng  homogenizing 

t x ~ t n i e n t  : 

T e rrln 
L 

C n g l , i r &  T i m e  a t  TemI2 

1150'~ 28 hrs  . A'i .7  

950'~ 3 "  1 

0 5 0 ~ ~  3 It Fur n:n. : 6: 

I n g o t  12-614 was n o t  treated, 

Both i n g o t s  were r o i i e d  into plates l/4", 3/8If ,  

and 1/2" thick by HerWy Disston & Sons, Inc. , under  

W. A* Pureha:.; e O r d ~ l r ~  7091 and. 8542 and the plates were  

heat t r e a t c b  as fo.Uows: ( a )  Oil. quench f rom 1650'~ 

(096'~); (b) Praw xt 1150'~ (620'~) f o r  2 hrs., f o l l o ~ f ~ ; :  

by &I.z1 c o o l i n g .  

T h e  plates were t hen  sh ipped  to the  Aberdeen 

P r o v i n g  Ground for ballistic, t e s t  under Spec.  31 and 

Spec. AXS54, The r 2 e s u l t s  o b t a i n e d  were as f a l l o w a :  



I n c r e a s e  in B , L ,  
Shown by Non-Homo- 

? p + ~  3 i Spec.AXS-5% &~E~L%~~-?%_O? -.-- ." 

3/Qt1 P l a t e  

12-614-4 2178 ~ 8 5 4  

I/2t Plate -- - 
7031-~~(12-600) --- 2304 

Ingot 614 (ngt normalized) showed b e t t e r  b a l i i s t i c  

resistance. However, buttonc V I ~ Y C  s t a r t e 5  or thrown 

f r o m  all t h e  plater; of' i n g o t  G14, whereas i r l g o t  600 

showed unusual d u c t . i l i t y  and tou~;hness ,  

It was, t h e r e f o r e ,  conclude& t h a t  the  plates of 

ingot 600 might b~: made harder ,  sacrai f  i c i n g  sprne duct1 ' 

but with a gain in b a l . l i a t i c  r u a i s t a n c e ,  These plate:, 

were r e t u r n e d  to L i s s t o n  & Sons,  wlhere they werc re- 
0 quenched from 165~'~ (896 C) and redrawn for t w o  hours  

' at 1000'~ ( 5 3 6 ' ~ ) .  They & r c  then r e t u r n e d  $0 the  

Aberdeen P r o v i n g  Ground f o r  ballistic t e s t ,  where t he  

f o l l ov r ing  r e s u i t s  were o b t a i n e d :  



Change From 
P r e v i o u s  T e s t  

Spec. 31 AXS -- 54 -- Under. AXS54 - 

1/4" P l a t e  - 

* - B.L. oh rear Surface of p l a t e  

It is apparent  that the l o w e r  (Iraw ternpella l ~ i r e  

dec reased  t he  r e s i s t a n c e  of the 1/4" plate and s l i gh t ly  

increased the  resistance of the 3/8" and 1/2"  plate. 

However, during this t e s t  all plates t h r ~ w  but tons  fron! 

bo th  s ides .  

A draw temperature b e t w e n  1000'~ and 1150'~ m i g h t  

have p reven ted  t h e  s p a l l i n g  tha t  developed w i t h  the  

1000'~ draw but would not have increased the ballistic 

As a result of these h a t s  it seems l o g i c a l  to 

concluds that  the e x t r a  expense and time requi red  to 

normalize homogeneous armor p l a t e  ingots is n o t  just if^, 

While it is quite t r u e  that  i nc reased  d u c t i l i t y  was 

0 0 
ob ta ined  v ~ h a  both steels were drawn at 1150 F ( 6 1 8  C ) ,  



. - the I C Y . > .  a;;[. ,. u : A l l i s t i o  l i m l t  o f f s e t  thin advantage. 

It must ;), u .curndr j  that  t h e  time and t empzra tu re  of 

noakiny ~ ' o z  i';irging an2 rolling is, at present, s u f f l a w n t  

to accomplish a i l  practical homogenizing that  is 

necessary. However, the  i n c r t a s t d  d u c t i l i t y  a f f o r d e d  by 

th in  procedure  m i g h t  be sufficient t o  prevent cpalling 

aiid buttoning from the  core  o f  face hsrdtned olatcs. It 

i o  felt, t h e r e f o r e ,  that  the  uso  of such treatrnc!nt f'or 

f ace-harriened plattn should be i nves  tigatad. 
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